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摘  要 
 
第一部分  18F-FDG PET/CT 引导下骨转移灶靶向活检术在晚期 
肺癌中的应用 
 
目的：对于临床怀疑晚期肺癌需作诊断性活检时，穿刺活检部位选择前应借助于
18F-FDG PET/CT的分期诊断。本研究的目的是评估18F-FDG PET/CT引导下晚期肺癌骨
转移灶穿刺活检术的安全性和有效性及其在晚期肺癌靶向治疗中的临床应用价值。 
方法: 收集 2013 年 1 月至 2015 年 9 月在本 PET 中心做过 18F-FDG PET/CT 全身显
像诊断为肺癌伴骨转移的病人，并在 18F-FDG PET/CT 图像引导下行骨转移灶经皮穿刺
活检术的患者 51 例（男 35 例，女 16 例，年龄 41-83(平均 59.7)岁。每例患者的 PET/CT
全身扫描及 PET/CT 引导下穿刺活检术均在同一台 PET/CT 扫描仪上完成。每例患者至
少取 1 份适合病理分析的标本。分别以活检标本组织学结果、基因检测结果结合临床随
访为依据，建立最后诊断。 
结果: 最终共获病理标本 53 份，其中 2 例患者因为第一次穿刺组织的病理学诊断
不明确而进行了第二次穿刺手术。51 例患者中，最后诊断为转移性肺癌 48 例(48/51 例，
94.1%)，非霍奇金淋巴瘤（non-Hodgkin lymphoma ，NHL)2 例(2/51 例，3.9%)，肾细
胞癌（renal cell cancer，RCC）1 例(1/51 例，1.9%)。51 例患者中自愿接受表皮因子生
长受体（Epidermal Growth Factor Receptor， EGFR）突变检测 23 例，突变率 30.4% (7/23)，
自愿接受间变性淋巴瘤激酶（Anaplastic Lymphoma Kinase，ALK）突变检测 19 例，突
变率 31.6% (6/19)。最终 18F-FDG PET/CT 引导下骨转移灶活检术的一次性诊断成功率
为 96.1％（49/51），总体诊断成功率和敏感性为 100％。 所有 51 例患者最终均确诊为
肿瘤 IV 期。本组病例均无严重并发症发生，平均穿刺活检手术时间为 30 分钟。 
结论：本研究通过18F-FDG PET/CT引导下骨转移灶靶向活检术证明了PET/CT图像引
导的穿刺活检术是一种安全、可行且能获得足够样本量的有效的穿刺方法，可使晚期肺
癌患者的分期诊断和病理学诊断一站式完成。对骨转移灶的穿刺取样比肺原发灶更加安
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全、可靠，可最大限度地减少并发症的发生。并且充足的组织样本可以保证更多有助于
临床靶向治疗的基因突变检测，对晚期肺癌患者的分期、诊断及靶向治疗具有重要临床
价值。 
关键词：肺癌；PET/CT；骨转移灶活检 
 
第二部分   非小细胞肺癌 PDTX 模型的初步临床转化研究 
 
目的：人源性肿瘤组织异种移植 ( patient derived tumor xenograft，PDTX)模型能很
好的保持来源肿瘤的肿瘤组织特征，为研究肿瘤生物学及抗肿瘤药物的评估提供了有效
工具。本研究旨在建立非小细胞肺癌的 PDTX 模型，探究其组织病理及生物分子方面
的特征，并初步探索 18F-FDG 和 18F-FLT 两种显像剂在评价 PDTX 模型效能及早期评价
个体化治疗疗效的价值，为临床进一步药效试验提供数据支持。 
方法: 从 13 例 NSCLC 患者获取（10 例通过外科手术获取，3 例通过 PET/CT 图像
引导靶向经皮穿刺活检术获取）肺癌组织移植入免疫缺陷鼠中建立 PDTX 模型并传代。
利用 H&E 染色及免疫组织化学(immunohistochemistry，IHC )评估建模及传代成功的
PDTX 模型与临床患者在组织病理及生物分子方面的特征。利用 microPET/CT 显像设备
对 PDTX 模型进行 18 F-FLT PET/CT 和 18F-FDG PET/CT 治疗前及治疗后 24h 显像，评
价两种显像剂在评价模型效能及早期评价个体化治疗疗效的价值。 
结果： 13 例患者中共有 4 例 PDTX 模型被建立起来, 成功率为 30.8%，其中手术
组织移植成瘤 27.2%(3/11)，穿刺组织移植成瘤率 33.3%（1/3）。均稳定传至第二代，1
例传至第三代。最终的 H&E 染色结果与免疫组化结果显示，PDTX 模型第一代、第二
代甚至第三代在病理学形态与 CK5/6、P63、TTF-1、NapsinA 及 Ki67 等蛋白表达均和
患者肿瘤组织保持一致。治疗前 PET 显像，18F-FLT 显像关于正常组织的对比和对肿瘤
组织的特异度均高于 18F-FDG 显像；3 例治疗后 24h 的 18F-FDG PET/CT 显像均有葡萄
糖摄取减低。 
结论：非小细胞肺癌 PDTX 模型为个体化治疗筛选药物和早期疗效评价提供了一
个理想的平台。18F-FLT 及 18F-FDG 在非小细胞肺癌治疗早期评价方面均有价值，未来
有望成为 PDTX 肿瘤个体化治疗早期疗效评价的有效工具。 
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Abstract 
 
PART 1 PET/CT-guided percutaneous FDG-avid metastatic bone biopsy in 
advanced lung cancer patients: A safe and effective technique 
Objective: 18F-FDG PET/CT should be performed before a diagnostic biopsy site is 
chosen in cases of high clinical suspicion for aggressive, advanced tumors. The aim of this 
study was to evaluate the safety and efficacy of 18F-FDG PET/ CT in guiding metastatic bone 
biopsies in advanced lung cancer patients. 
Methods: Fifty-one consecutive patients with suspected lung cancer and 18F-FDG-avid 
bone lesions underwent PET/CT-guided percutaneous core biopsies after whole body 
18F-FDG PET/CT scans. One tissue sample was taken from each patient. Final diagnosis was 
established on the basis of the histology results. A systematic evaluation of the 
histopathological results and molecular testing was performed.  
Results: A total of 53 samples were obtained for histological examination or molecular 
testing as a second biopsy was required in two patients whose first biopsy pathological 
diagnosis was unclear. Pathological diagnosis and lung cancer classification were confirmed 
in 48 patients (48/51). Based on epidermal growth factor receptor (EGFR) mutation tests 
performed in 23 cases, the total mutation rate of bone metastasis was 30.4% (7/23). 
Anaplastic lymphoma kinase (ALK) mutation tests were examined in 19 cases with a bone 
metastasis mutation rate of 31.6% (6/19). Two biopsies were positive for non-Hodgkin 
lymphoma (NHL) (2/51) and one case was positive for metastatic renal cell carcinoma (RCC). 
The one-time diagnostic success rate of biopsy was 96.1% (49/51) and the overall diagnostic 
success rate and sensitivity was 100%. All 51 patients were eventually confirmed as stage IV. 
No serious complications were encountered and the average biopsy time was30 minutes.  
Conclusion: PET/CT-guided percutaneous 18F-FDG-avid metastatic bone biopsy is an 
effective and safe method which yields a high diagnostic success rate in cases of 
hypermetabolic bone lesions in patients with suspected advanced lung cancer. 
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Key words: Lung cancer; PET/CT; bone biopsy 
 
PART 2  Initial translational research of PDTX Models in NSCLC 
 
Objective: Patient-derived tumor xenograft (PDTX) models closely retain the features 
of the original clinical tumors, offering a powerful tool for tumor biology researches and 
preclinical drug efficacy testing. Our study aimed to establish PDTX non small cell lung 
cancer（NSCLC） models, discuss the biological stability of them, and initially explore 
18F-FLT and 18F-FDG uptake as an indicator of tumor response early after individual 
treatment using PET/CT， to further provide a basis for clinical. 
Methods:  NSCLC tissues from 13 patients were collected in this study ,with 10 tumor 
tissues were obtained by pulmonary resection and 3 tumor specimens were obtained from 
PET/CT-guided percutaneous target biopsies, and implanted into immuno-deficient mice. 
Hematoxylin and eosin (H&E) staining and immunohistochemistry (IHC) were performed to 
confirm the histopathology and molecular biology characteristics of xenografts. 18F-FLT and 
18F-FDG PET/CT imaging were performed before treatment,24 hours after individual 
treatment on PDTX models, explore the value of  18F-FLT and 18F-FDG uptake as an 
indicator of tumor response early after individual treatment. 
Results: A total of 4 passable PDTX models were successfully established , representing 
a tumor take rate of 30.8%. And all of them steadily spread to the second generation and one 
case spread to the third generation. The PDTX NSCLC tissues stained for H&E staining and 
diagnostic markers (CK5/6, P63, TTF-1, NapsinA, Ki67 and .et)exhibited a similar 
morphology and immunophenotype to that of the patient tissues from which the primary 
model was derived. The specificity and tumor’s uptake of 18F-FLT prior treatment were 
higher than 18F-FDG; 3 PDTX models of 18F-FDG uptake in tumor decreased early 24 hours 
after chemotheraphy. 
Conclusion: These PDTX NSCLC models provide an ideal platform for individual 
treatment drug screening and evaluation. 18F-FLT and 18F-FDG are both valuable in the early 
evaluation of NSCLC treatment. The two indicators were even  expected to become an 
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effective tool for the early individualized therapy evaluation of PDTX models. 
Key words: NSCLC; PDTX models;microPET/CT 
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NSCLC 糖代谢分子显像到 PDTX 模型的初步临床
转化研究 
 
前 言 
 
一、 背景 
恶性肿瘤已成为 21 世纪威胁人类健康和生命的头号“杀手”，其死亡率多年来居高
不下。肺癌在所有恶性肿瘤中发病率最高, 目前已成为全世界造成癌症死亡的主要原因。
每年全世界约有 140 万的患者死于肺癌[1]（图 1）。我国肺癌发病率，男性为 70/10 万，
女性达到 36/10 万，在亚洲国家中位居首位，肺癌目前是我国城市人口恶性肿瘤死亡的
首位原因。其中非小细胞肺癌（ non small cell lung cancer，NSCLC）约占所有肺癌的
80%~85% [2]。 
 
 
图 1 2012 年肺癌发病率（每 10 万人） 
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